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DEBRIS-CLOUD COLLISIONS : ACCRErION STUDIES I N  THE SPACE STATION 
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Background: The growth of p lane tes imals  i n  t h e  So la r  System r e f l e c t s  
t h e  success  of c o l l i s i o n a l  aggregat ion over d i s rup t ion .  I t  i s  widely 
assumed t h a t  aggrega t ion  mus t  r ep resen t  r e l a t i v e l y  low encounter v e l o c i t i e s  
between two p a r t i c l e s  i n  order  t o  avoid both d i s r u p t i o n  and h igh-e jec ta  
v e l o c i t i e s  ( l S 2 ) .  Such an assumption i s  supported by impact experiments 
( 3 )  and theory (4). Experiments involving p a r t i c l e - p a r t i c l e  impacts, 
however, may be p e r t i n e n t  t o  only one type of c o l l i s i o n a l  process  i n  t h e  
e a r l y  S o l a r  System. Most models envis ion  a complex pro toplane tary  nebular  
s e t t i n g  involving gas  and dus t .  Consequently, c o l l i s i o n s  between clouds of 
dus t  o r  s o l i d s  and dust  may be a more r e a l i s t i c  p i c t u r e  of pro toplane tary  
a c c r e t i o n .  Recent experiments performed a t  t h e  NASA-Ames V e r t i c a l  Gun 
Range ( 5 )  have produced d e b r i s  c louds impacting p a r t i c u l a t e  t a r g e t s  with 
v e l o c i t i e s  ranging from 100 m/s t o  6 h / s .  
seve ra l  i n t r i g u i n g  resu l t s  t h a t  no t  only warrant f u r t h e r  study but a l s o  may 
encourage experiments with the  unique impact condi t ions  permit ted i n  a 
m i  c r  ogr av i t y  env i r  omnent . 

Impact 
experiments a t  t he  NASA-Ames V e r t i c a l  Gun Range have assessed  d i f f e r e n c e s  
between c l u s t e r e d  and single-body impacts on p a r t i c u l a t e  sur faces .  The 
primary goa l  was t o  examine t h e  e f f e c t s  of atmospheric e n t r y  on c r a t e r i n g  
and p o s s i b l e  imp l i ca t ions  f o r  secondary c r a t e r i n g  processes  ( 5 ) .  
d e b r i s  c louds  were produced during passage of a b r i t t l e  pyrex p r o j e c t i l e  
through a t h i n  shee t  of paper or  aluminum f o i l .  
h / s ) ,  a 2.5 m i l  shee t  of paper was s u f f i c i e n t ;  a t  supersonic  v e l o c i t i e s  (v - 2 km/s), a 1 m i l  aluminum f o i l  was used. Because t h e  launch tubes  are 
r i f l e d  i n  order  t o  induce sepa ra t ion  between t h e  p r o j e c t i l e  and sabot ,  t h e  
e f f e c t i v e  d i s p e r s i o n  of t h e  d e b r i s  cloud could be v a r i e d  by changing t h e  
d i s t a n c e  between t h e  t a r g e t  sur face  and paper or  f o i l .  High-frame r a t e  
photographs recorded t h e  r e s u l t i n g  d i spe r s ion  i n  t h e  impacting d e b r i s  cloud 
and t h u s  t h e  e f f e c t i v e  d e n s i t y  a t  impact. 

The experiments revea led  a f a c t o r  of 5 decrease  i n  p red ic t ed  c r a t e r i n g  
e f f i c i e n c y  f o r  an impact by a s o l i d  p r o j e c t i l e  of t h e  same mass (m) and 
v e l o c i t y  ( v ) .  If t h e  energy dens i ty  of t he  impacting cloud i s  i n c l u  ed (6 )  
by us ing  a dimensionless  express ion  of cloud r a d i u s  ( r )  d iv ided  by v then 
c r a t e r i n g  e f f i c i e n c y  i s  only s l i g h t l y  decreased.  As might be expected, t he  
c r a t e r  a spec t  r a t i o  and morphology were s i g n i f i c a n t l y  a l t e r e d  ( 5 ) .  A s  
t y p i c a l  f o r  l abora to ry  experiments,  however, s eve ra l  unexpected phenomena 
a1 so occurred.  F i r  s t ,  t h e  high frame-rate photographic record  revea led  an 
i n t e n s e l y  luminous cloud immediately a f t e r  impact ( 7 ) .  The e a r l y  s t a g e s  of 
ejecta-plume growth were cha rac t e r i zed  by an amorphous cloud r a t h e r  than 
t h e  sys temat ic  expansion of a funnel-shaped c u r t a i n  t y p i c a l  f o r  single-body 
impact. Second, unusua l ly  l a r g e  (1-5 cm a c r o s s )  f a i r y - c a s t l e  aggregates  
were produced. Many of t h e s e  aggrega tes  had low-ejection v e l o c i t i e s .  An 
impact by a 0.2 g/cm3 cloud a t  4.1 lads produced an unusual ly  l a r g e  
aggrega te  extending from t h e  f l o o r  t o  above t h e  c r a t e r  r i m .  
n a t u r e  of such aggrega tes  i s  not y e t  horn; they appear t o  be melt-welded 
t a r g e t  m a t e r i a l .  

The experiments produced 

C o l l i s i o n s  Between Debris-Clouds and P a r t i c u l a t e  Surfaces :  
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increased  r e l a t i v e  t o  a single-body impactor.  
showing a b r i g h t  luminous cloud and t h e  s l i g h t  decrease  i n  c r a t e r i n g  

energy l o s s e s .  These p re l imina ry  r e s u l t s  would i n d i c a t e  t h a t  c o l l i s i o n s  
between two d e b r i s  c louds  might produce aggrega te s ,  thereby inc reas ing  
p a r t i c l e  s i z e s ,  whereas a s i n g l e  p a r t i c l e  impacting a p a r t i c l e  r e su l t s  i n  
d i s r u p t i o n  and comminution. Such an experiment could provide  new i n s i g h t  
f o r  ear ly  p l a n e t a r y  growth p rocesses  and f o r  i n t e r p r e t i n g  t h e  record  of 
t h i s  s t a g e  (e.g. ,  8 , 9 > .  

The microgravi ty  environment of a 
Space S t a t i o n  would a l low d e t a i l e d  s t u d i e s  of t h e  competing processes  of 
aggrega t ion  and d i s r u p t i o n  us ing  c o n d i t i o n s  more a p p r o p r i a t e  (or  a t  least  
s c a l a b l e )  f o r  an  evolv ing  p r o t o p l a n e t .  A cloud of impactor fragments can 
be r e a d i l y  produced i n  a manner a l r e a d y  performed on Ear th ,  but of 
d i f f e r e n t  d e n s i t y ,  composi t ion,  and i n i t i a l  s i z e  d i s t r i b u t i o n .  Of s p e c i f i c  
i n t e r e s t  would be t h e  change i n  s i z e  d i s t r i b u t i o n ,  shock s ta te ,  v e l o c i t y  
d i s t r i b u t i o n ,  mixing,  and t h e  p o s s i b l e  product ion  of c h o n d r i t e  b r e c c i a s  
(10). The format ion  of chondrules  i s  more equivocal  (10)  bu t  o b j e c t i o n s  
could  r e f l e c t  an  incomplete  exper imenta l  s imula t ion .  C o l l i s i o n a l  
v e l o c i t i e s  would range  from v a l u e s  expected f o r  c o l l i s i o n s  i n  a nebular  
d i s k  (< 100 m / s )  t o  v a l u e s  p o s s i b l e  from t h e  e a r l y  s t a g e s  of p lane tes imal  
growth ((6 km/s>. 
r e p e t i t i v e  c o l l i s i o n s  and more unusual c o n d i t i o n s ,  e.g., passage of a 
l a r g e r  p r o j e c t i l e  through a suspended d e b r i s  cloud. 
could  be performed over  long pa th  l e n g t h s  by t u b u l a r  ex tens ions  from t h e  
proposed impact f a c i l i t y .  
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The ear ly- t ime f i l m  record  

I e f f i c i e n c y ,  however, may be i n d i c a t i n g  g r e a t e r  p a r t i t i o n i n g  i n t o  i n t e r n a l  
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